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Summary
Objective: To investigate the association of different types of magnetic resonance imaging (MRI)-detected medial meniscal pathology with
subregional cartilage loss in the medial tibiofemoral compartment.
Methods: A total of 152 women aged 40 years, with and without knee osteoarthritis (OA) were included in a longitudinal 24-month obser-
vational study. Spoiled gradient recalled acquisitions at steady state (SPGR) and T2-weighted fat-suppressed MRI sequences were acquired.
Medial meniscal status of the anterior horn (AH), body, and posterior horn (PH) was graded at baseline: 0 (normal), 1 (intrasubstance meniscal
signal changes), 2 (single tears), and 3 (complex tears/maceration). Cartilage segmentation was performed at baseline and 24-month follow-
up in various tibiofemoral subregions using computation software. Multiple linear regression models were applied for the analysis with cartilage
loss as the outcome. In a ﬁrst model, the results were adjusted for age and body mass index (BMI). In a second model, the results were
adjusted for age, BMI and medial meniscal extrusion.
Results: After adjusting for age, BMI, and medial meniscal extrusion, cartilage loss in the total medial tibia (MT) (0.04 mm, P¼ 0.04) and the
external medial tibia (eMT) (0.068 mm, P¼ 0.04) increased signiﬁcantly for compartments with grade 3 lesions. Cartilage loss in the total cen-
tral medial femoral condyle (cMF) (0.071 mm, P¼ 0.03) also increased signiﬁcantly for compartments with grade 2 lesions. Cartilage loss at
the eMT was signiﬁcantly related to tears of the PH (0.074 mm; P¼ 0.03). Cartilage loss was not signiﬁcantly increased for compartments with
grade 1 lesions.
Conclusion: The protective function of the meniscus appears to be preserved in the presence of intrasubstance meniscal signal changes.
Prevalent single tears and meniscal maceration were found to be associated with increased cartilage loss in the same compartment,
especially at the PH.
ª 2009 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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The role of the menisci in knee biomechanics includes
important functions such as load-bearing, shock absorption,
lubrication, and joint stability1e3. Meniscal pathology is com-
monly observed in patients with and without radiographic
knee osteoarthritis (OA)4e6. Mechanical impairment of the
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336joint, leading to damage in the articular chondral surface
of the same compartment as well as in the subchondral
bone, ultimately contributing to progression of OA7e12.
One study suggests that meniscal damage is a potent risk
factor for the development of radiographic tibiofemoral
OA13. Little is known about the effects of different types of
meniscal alterations, as detected by magnetic resonance
imaging (MRI), on subregional cartilage loss in subjects
with and without knee OA. In a recent longitudinal study,
Hunter et al.7, demonstrated that displaced meniscal tears
and meniscal maceration have a higher association with
cartilage loss than non-displaced meniscal tears, with the
most normal meniscus (without tears or maceration) used
as the reference group. Most available studies of the effect
337Osteoarthritis and Cartilage Vol. 18, No. 3of different types of meniscal damage on cartilage loss did
so after open or arthroscopic meniscectomy14,15. Meniscal
extrusion also predicts cartilage loss longitudinally, as it
may increase the contact stress on tibial and femoral artic-
ular cartilage16. However, no study to our knowledge tested
the effect of intrasubstance meniscal signal changes on car-
tilage loss in the same compartment. These signal changes
are thought to represent intrameniscal degeneration or an
intrasubstance tear17,18. It is not known whether these
changes are associated with biomechanical meniscal dys-
function and consequently increased risk for cartilage dam-
age longitudinally. Further, little is known about the effect of
the location of meniscal damage (e.g., anterior horn e AH,
body, and posterior horn e PH) on cartilage loss in the
same compartment. MRI is highly accurate in detecting me-
niscal damage, with high sensitivity and speciﬁcity19,20. MRI
is also accurate and widely used in semiquantitative and
quantitative assessment of the articular cartilage of the
knee joint21e24 for measuring cartilage loss longitudinally.
Recently, algorithms have been developed for measuring
cartilage thickness in deﬁned subregions of the femorotibial
joint25,26, and subregional changes in the central and exter-
nal medial tibia and in the central part of the weight-bearing
femoral condyle have been shown to exceed those in other
subregions of the medial femorotibial compartment27,28. It is
then widely accepted that meniscal damage is associated
with cartilage loss and progression of knee OA, but little is
known about the effect of intrasubstance meniscal signal
changes and single tears on cartilage loss in the same
compartment.
The aim of this study was to assess the association of dif-
ferent types of baseline 3.0 T MRI-detected medial menis-
cal pathology, including intrasubstance meniscal signal
changes, as well as its location within the meniscus, with
subregional cartilage loss in the medial tibiofemoral com-
partment assessed at baseline and 24-month follow-up.Materials and methodsSUBJECTSA total of 180 women aged 40 years participated in the study. The
recruitment has been previously described in detail21. Brieﬂy, subjects
were recruited at seven clinical centers to participate in a longitudinal
2-year observational study to evaluate knee OA progression. Conventional
weight-bearing anterioreposterior (AP) knee radiographs were obtained
and graded at each center to establish the baseline status of knee OA using
the Kellgren and Lawrence (K/L) grading scale29. In all, 28 participants were
excluded in the analysis after self-withdrawal, failure to comply with follow-
up, protocol violation, or motion artifact during MRI acquisition. One hundred
ﬁfty-two participants were included in the ﬁnal analysis, and were divided into
two groups: those who were symptomatic and had radiographic OA (K/L
grades 2 and 3), and control participants who were asymptomatic and with-
out radiographic OA (K/L grade 1). Symptoms were assessed using the
Western Ontario and McMaster Universities (WOMAC) OA index for pain,
stiffness, and function and the Visual Analog Scale (VAS) for pain in the
study knee.
Inclusion criteria for OA participants were frequent symptoms, mild to
moderate radiographic OA in the medial compartment (K/L 2 or 3), a body
mass index (BMI) of 30, and a medial tibiofemoral joint space width
2 mm in a posterioreanterior (PA) modiﬁed Lyon-Schuss radiographic
view30. In subjects with bilateral radiographic knee OA, the study knee
was deﬁned as the knee with the more severe symptoms. If pain scores
were identical, the knee with more advanced radiographic changes was
chosen. If both radiographic severity and pain scores were identical, the
dominant leg was selected.
Inclusion criteria for the control group were complete absence of bilateral
knee symptoms, K/L grade 1 in either knee, and a BMI 28. In these sub-
jects, the dominant leg was chosen for the study knee. After enrollment was
completed, an experienced central reader blinded to the initial site K/L grade
assignments re-read each radiograph for standardization of the K/L grade
status. When grades differed, a third reader was called upon to adjudicate.
The intra-reader reproducibility was determined using 30 radiographs withK/L grades 0e3 and revealed an intra-class correlation coefﬁcient of 0.91
and a kappa of 0.66. The control group was established from 90 participants
classiﬁed as K/L grade 0, and 4 classiﬁed as K/L grade 1. The knee OA
group was formed by 30 subjects having mild OA (K/L grade 2) and 28 clas-
siﬁed as having moderate OA (K/L grade 3). All participants were allowed to
receive standard care pain medications (acetaminophen, NSAIDs, and COX-
2 inhibitors, and oral corticosteroids). No medications known to alter the pro-
gression rate of OA were allowed, nor were intra-articular corticosteroid or
hyaluronic acid injections. Glucosamine or chondroitin was allowed if partic-
ipants had been on stable therapy for the past 3 months (13 in each group).
The study was conducted in compliance with local institutional review
boards, informed consent regulations, the International Conference on
Harmonization Good Clinical Practices Guidelines, and the Declaration of
Helsinki.MRI PROTOCOLSiemens Magnetom Trio 3.0 Tesla (T) magnets (Siemens AG, Erlangen,
Germany) were used at three of the seven study sites, whereas Signa Excite/
Genesis 3.0 TMRI longboremagnets andshort boremagnets (GeneralElectric
(GE)Healthcare Technologies,Waukesha,WI)were equally divided among the
remaining sites. Birdcage CP coils (Transmit/Receive) with a ‘‘split top’’ design
were manufactured for the project (Clinical MR Solutions, Brookﬁeld, WI) and
were used at all sites. For morphometric assessment of the cartilage, double
oblique coronal spoiled gradient recalled acquisition at steady state (SPGR) se-
quenceswith selectivewater excitationwere acquiredat baseline and24-month
follow-up with an in-plane resolution of 0.31 mm 0.31 mm and a slice thick-
ness of 1.0 mm [time of echo (TE)¼ 7.2e8.5 ms, time of repetition
(TR)¼ 16e17 ms, ﬂip angle¼ 12, bandwidth¼ 31.25 kHz (GE) or 130 Hz/
pixel (Siemens), matrix size¼ 512 512]. For scoring of meniscal lesions,
a sagittal fat-suppressed 2D dual echo fast spin echo (FSE) sequence was ac-
quired at baseline with an in-plane resolution of 0.63 mm 0.63 mmand a slice
thickness of 3.0 mm [TE¼ 9/39 ms, TR¼ 2700e3600, ﬂip angle¼ 170, band-
width¼ 32 kHz (GE) or 199 Hz/pixel, (Siemens), matrix size¼ 256 256].
Meniscal assessment
Medial meniscal pathology was evaluated semi-quantitatively using
a comprehensive scoring method, the BostoneLeeds Osteoarthritis Knee
Score (BLOKS)23. Meniscal morphology was scored for the body, AH and
PH, using the sagittal fat-suppressed 2D dual echo FSE sequence acquired
at baseline. In the BLOKS scoring system, intrasubstance meniscal signal
changes, meniscal tears (deﬁned as high signal intensity within the meniscus
extending to an articular surface, seen in at least two consecutive slices19),
and meniscal maceration were scored as present or absent in the three
regions (Fig. 1). Meniscal pathology included in the analysis consisted of ver-
tical tears (including radial and longitudinal tears), horizontal tears, complex
tears (deﬁned by high signal that extends to two surfaces and 3 points),
intrameniscal signal (not extending to an articular surface) and meniscal
maceration (deﬁned by loss of overall normal morphological appearance
with or without increased diffuse signal in the meniscal tissue).
MRI images were read by two experienced musculoskeletal radiologists
(MDC, AG). Because only two vertical tears and two complex tears were de-
tected in the 152 subjects included in the analysis, we decided to collapse
the possible types of medial meniscal morphology into four groups: normal
meniscus (grade 0), intrameniscal signal (grade 1), single tears (including
vertical and horizontal tears e grade 2), and complex tears/meniscal macer-
ation (grade 3). The interobserver reliability (weighted kappa value with 95%
conﬁdence intervals) for reading meniscal morphology data was 0.56
(0.20e0.92).
As meniscal tears and degeneration are thought to be highly associated
with meniscal extrusion, and loss of meniscal function could be related not
only to those lesions, but also to the accompanying extrusion, we decided
to assess meniscal extrusion. Medial meniscal extrusion was measured on
the coronal plane using images where the medial tibial spine volume was
maximal. The edge of the medial tibial plateau without osteophytes was
the reference point for measurements (Fig. 2).
Cartilage morphometry assessment
Images acquired were sent to the Duke Image Analysis Laboratory for
quality control (QC) and then sent to the image analysis center (Chondromet-
rics GmbH, Ainring, Germany), where they were processed using custom
segmentation and computation software. Seven technicians with formal
training and thorough experience in cartilage segmentation performed the
segmentation of the femorotibial cartilages from images obtained at baseline
and 24-month follow-up. Images were read in pairs, but with blinding to the
time of acquisition. Manual tracing of the total subchondral bone area
(tAB) and the cartilaginous joint surface area (AC) of the total medial tibia
(MT), the total lateral tibia (LT), the central (weight-bearing) medial femoral
condyle (cMF) and the central lateral femoral condyle (cLF) was performed.
Femoral cartilage was analyzed in a region of interest between the
Fig. 1. Sagittal T2-weighted fat-suppressed images. (A) Intrasub-
stance meniscal signal change not touching the articular surface,
representing mucinous degeneration of the PH of the medial menis-
cus. (B) Typical horizontal tear of the PH of the medial meniscus,
touching the tibial articular surface.
Fig. 2. Measurement of medial meniscal extrusion: the edge of the
medial tibial plateau without osteophytes (note a tiny osteophyte
excluded in this case) was the reference point for measures, using
the image where the medial tibial spine volume was maximal.
Fig. 3. Cartilage segmentation with subregional division of the
femur and tibia. Only the medial femur and tibia were considered
in the analysis: central medial femur was divided into external
region of central medial femur (ecMF), central region of central
medial femur (ccMF), and internal region of central medial femur
(icMF); medial tibia was divided into eMT, anterior medial tibia
(aMT), cMT, internal medial tibia (iMT), and posterior medial tibia
(pMT). Other regions considered were: cMF, MT, and combined
medial femur and tibia (MTFC).
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oral condyles in the coronal view28. All segmented slices of each data set
were reviewed by a single person (FE) who performed QC of all segmenta-
tions31,32. Automatic QC procedures were then used to exclude mislabeling
of medial vs lateral cartilage plates, tibial vs femoral cartilage plates and AC
vs tAB contours. The total area of subchondral bone (tAB), the area of the
cartilage surface (AC), the cartilage volume (VC) and the mean cartilage
thickness over the total area of subchondral bone (ThCtAB) were obtained.
In addition, ThCtAB was determined in ﬁve subregions of MT and LT
(c¼ central, e¼ external, i¼ internal, a¼ anterior, p¼ posterior) and in three
subregions of cMF and cLF (c, e, i) (Fig. 3)28. The total medial tibia and cen-
tral medial femur (MFTC) and the central part alone (cMFTC) were also con-
sidered in the analysis. The cartilage loss was calculated using the difference
of ThCtAB between baseline and follow-up at either the medial tibia or medial
femoral compartment. Testeretest measurements of ThCtAB using totalplates (MT, cMF, LT, cLF) to ensure reproducibility were previously de-
scribed in detail21.STATISTICAL ANALYSISTo evaluate whether baseline medial meniscus status predicts medial
tibiofemoral cartilage loss at follow-up, only the maximum grade of the medial
meniscal regions (a, body, and p) was considered for the analysis (e.g.,
a¼ grade 1, body¼ grade 2, p¼ grade 1: overall score for the whole
meniscus¼ 2). Grade 0 (normal medial meniscus) was the reference group.
The association of baseline medial meniscal status of each region separately
339Osteoarthritis and Cartilage Vol. 18, No. 3with medial tibiofemoral cartilage loss at follow-up was also assessed. The
analysis was performed using multiple linear regression models, with regional
cartilage thickness loss as the outcome. In a ﬁrst model, the results were ad-
justed for age and BMI. In a second model, the results were adjusted for age,
BMI and medial meniscal extrusion. All statistical analyses were performed
using SAS software (SAS Institute Inc, Cary, North Carolina, release 9.1).ResultsDEMOGRAPHICS AND PREVALENCE OF MEDIAL MENISCAL
FINDINGSTable I summarizes the demographics of our study sam-
ple. One hundred ﬁfty-two women (58 with symptomatic
knee OA and 94 without radiographic knee OA and without
symptoms) were ﬁnally included in this study. The women
in both groups (with knee OA/without knee OA) were similar
in age, but differedwith respect to BMI andK/L grade of radio-
graphic OA severity. The prevalence of medial meniscal ab-
normalities was similar in both the OA group (59%) and the
non OA group (57%), and there was no signiﬁcant difference
when performing the chi-square test (P¼ 0.89). The distribu-
tion of different grades of medial meniscus lesions and their
locations within the meniscus is presented in Table I.RELATIONSHIP BETWEEN MEDIAL MENISCAL PATHOLOGY
AND SUBREGIONAL CARTILAGE LOSS CONSIDERING THE
WHOLE MENISCUSWe compared the least square (LS) means for each of
the grades representing medial meniscal alterations (1e3)
with that of the reference group (grade 0 e no meniscal pa-
thology). After adjusting for age and BMI only, we found that
cartilage loss in the cMF and in its central part only was sig-
niﬁcantly higher for grade 2 (single tears) lesions
(0.072 mm, P¼ 0.02 and 0.098 mm, P¼ 0.04 respectively).
Cartilage loss was also signiﬁcantly higher for grade 3
lesions (complex tear/maceration) in several regions of
the medial tibiofemoral compartment (Table II).
After adjusting for age, BMI and medial meniscal extru-
sion, we found that cartilage loss in the MT was signiﬁcantly
higher in grade 3 lesions than in the normal medial menis-
cus group (0.04 mm, P¼ 0.04). This was also true of carti-
lage loss in the eMT (0.068 mm, P¼ 0.04) which wasTable I
Demographics of 152 study participants at baseline
Control N¼ 94 OA N¼ 58
Age, meanSD, years 56.3 8.9 57.3 8.2
Sex, % female 100 100
BMI, meanSD, kg/m2 24.8 4.4 36.7 5.4
Kellgren and Lawrence grade
0 90 0
1 4 0
2 0 30
3 0 28
Medial meniscal abnormality, % 54 (57%) 34 (59%)
Horizontal 8 (9%) 5 (9%)
Vertical 1 (1%) 1 (2%)
Complex 1 (1%) 1 (2%)
Maceration 3 (3%) 11 (19%)
Signal 48 (51%) 24 (41%)
Anterior (any abnormality) 6 (6%) 5 (9%)
Body (any abnormality) 14 (15%) 16 (28%)
Posterior (any abnormality) 54 (57%) 32 (55%)
Medial meniscal extrusion
MeanSD, cm 0.35 0.11 0.45 0.18analyzed separately (Table III). Cartilage loss in the cMF
was signiﬁcantly higher in grade 2 lesions than in the nor-
mal medial meniscus group (0.071 mm, P¼ 0.03). At the
central medial tibia (cMT), a trend (almost signiﬁcant rela-
tionship e P< 0.1) was found for grade 3 lesions, showing
higher cartilage loss than the reference group (0.067 mm;
P¼ 0.08). A trend toward higher cartilage loss (P-values
between 0.05 and 0.08) was also found for grades 1 (intra-
substance meniscal signal changes) and 2 (single tears) le-
sions in many subregions of the medial tibiofemoral
compartment (Table III).RELATIONSHIP BETWEEN MEDIAL MENISCAL PATHOLOGY
AND SUBREGIONAL CARTILAGE LOSS CONSIDERING EACH
REGION OF THE MENISCUSAs no signiﬁcant association with cartilage loss was found
for grade 1 lesions, we combined grades 0 and 1 together as
the reference group to assess the association between
lesions of each medial meniscal region (AH, body, and PH)
with subregional cartilage loss. After adjusting for age and
BMI only, we found that at the PH, cartilage loss was signif-
icantly higher in grade 2 lesions at the cMF (0.061 mm;
P¼ 0.04). Also at the PH, cartilage loss was signiﬁcantly
higher in grade 3 lesions at several regions in the medial
tibiofemoral compartment (Table IV). When combining le-
sions at the body and PH, a signiﬁcant relationship between
grade 3 lesions and cartilage loss was found (Table IV).
After adjusting for age, BMI, and medial meniscal extru-
sion, we found that at the PH, cartilage loss was signiﬁ-
cantly higher in grade 3 lesions at the eMT (0.074 mm,
P¼ 0.03) (Table V). At the PH, an almost signiﬁcant rela-
tionship was found between grade 2 lesions and cartilage
loss at the cMF and some of its subregions (P-values
between 0.05 and 0.09), and between grade 3 lesions
and cartilage loss at MT (P¼ 0.06) (Table V). When com-
bining lesions at the body and PH, an almost signiﬁcant
relationship was found for grades 2 and 3 lesions with
cartilage loss in some subregions (P-values between 0.06
and 0.09) (Table V). Only two single tears (grade 2 lesions)
were detected at the AH, and no grade 3 lesions were found
at this site.
Using both models (with and without inclusion of medial
meniscal extrusion), a signiﬁcant relationship was found be-
tween grade 2 lesions at the body of the medial meniscus
and cartilage loss at several medial tibial and femoral
regions (Table V). Using the model without adjustment for
medial meniscal extrusion, a protective effect for cartilage
loss in the eMT was observed for grade 2 lesions at the
AH (Table V). However, the lower prevalence of grades 2
and 3 lesions at the AH and body may limit the meaningful-
ness of these ﬁndings.
In summary, a signiﬁcant association was found between
grades 2 and 3 medial meniscal lesions and cartilage loss
at the medial tibiofemoral compartment, considering the
whole medial meniscus. A signiﬁcant association between
grade 3 lesions at the PH and cartilage loss was also found
when considering each part of the medial meniscus.
Discussion
In this 24-month longitudinal observational study we ex-
amined the association of different types of MRI-detected
medial meniscal pathology, including intrasubstance menis-
cal signal changes, with subregional cartilage loss in the
medial tibiofemoral compartment, in a sample of middle-
aged women with and without radiographic knee OA. Due
Table II
The association of medial meniscal tears (the maximum grade of all medial meniscal regions) with the difference in cartilage loss of each
medial tibiofemoral compartment between baseline and 24 months follow-up separately. Model adjusting for age and BMI (medial meniscal
extrusion not included)
Region* Medial meniscal pathology at baseline
Grade 1 vs 0 (n¼ 60) Grade 2 vs 0 (n¼ 12) Grade 3 vs 0 (n¼ 16)
Difference in cartilage
loss (mm)
P-value Difference in cartilage
loss (mm)
P-value Difference in cartilage
loss (mm)
P-value
MFTC 0.044 0.07 0.080 0.07 0.101 0.01**
MT 0.013 0.19 0.007 0.68 0.042 0.01**
aMT 0.025 0.06 0.021 0.35 0.027 0.21
cMF 0.031 0.08 0.072 0.02** 0.060 0.04**
cMFTC 0.069 0.08 0.079 0.26 0.154 0.02**
cMT 0.025 0.21 0.019 0.59 0.073 0.03**
ccMF 0.044 0.11 0.098 0.04** 0.081 0.072
eMT 0.023 0.18 0.001 0.97 0.727 0.01**
ecMF 0.040 0.06 0.067 0.07 0.065 0.06
iMT 0.002 0.86 0.005 0.82 0.031 0.13
icMF 0.013 0.41 0.055 0.05 0.034 0.19
pMT 0.007 0.51 0.017 0.36 0.020 0.23
**Statistically signiﬁcant deﬁned as P< 0.05.
*MFTC: total medial tibia and central medial femur; cMFTC: central part of total medial tibia and central medial femur.
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meniscal abnormalities on cartilage loss in those groups
separately. The prevalence of any medial meniscal abnor-
mality was similar in both the OA and control groups, an
interesting ﬁnding as we would expect a higher prevalence
of meniscal abnormalities in the OA group. However, medial
meniscal damage in the OA group was more extensive.
Considering both groups together (OA and control), if we
are interested in the overall F test of equality of all means
among four grades, and assuming the error standard devi-
ation of 0.04 for cartilage loss in medial tibia and 0.08 in
central medial femur, at the signiﬁcance level of 0.05 with
two-sided test, we have 86% and 77% power for detecting
an effect in the medial tibia and central medial femur,
respectively.
In order to test the effect of meniscal pathology on carti-
lage loss not caused by the mechanism of extrusion, we
assessed medial meniscal extrusion. We observed that
the effect of single meniscal tears and meniscal macerationTable I
The association of medial meniscal tears (the maximum grade of all me
medial tibiofemoral compartment between baseline and 24 months follow
extrusio
Region Medial menisca
Grade 1 vs 0 (n¼ 60) Grade
Difference in cartilage
loss (mm)
P-value Difference in c
loss (mm
MFTC 0.044 0.07 0.078
MT 0.013 0.19 0.007
aMT 0.025 0.22 0.021
cMF 0.031 0.08 0.071
cMFTC 0.069 0.08 0.075
cMT 0.025 0.21 0.019
ccMF 0.044 0.11 0.094
eMT 0.023 0.18 0.010
ecMF 0.040 0.22 0.065
iMT 0.002 0.87 0.005
icMF 0.013 0.41 0.055
pMT 0.006 0.51 0.017
**Statistically signiﬁcant deﬁned as P< 0.05.on cartilage loss was diluted after adjustment for extrusion
in several regions of the medial tibiofemoral compartment.
However, the effect persisted in some regions for those
meniscal lesions (Tables III and V).
Considering the whole medial meniscus, a signiﬁcant re-
lationship was found between grade 2 (single tears) lesions
and cartilage loss at the central medial femur, and grade 3
lesions (complex tear/maceration) and cartilage loss at the
medial tibia, in the model including medial meniscal extru-
sion. The menisci act on transmission of axial and torsional
forces across the tibiofemoral joint and distribute mechani-
cal loads over a wider area1. Single tears and partial or
complete loss of overall normal morphology of the menisci
(meniscal maceration) may alter these functions and may
lead to subregional cartilage loss. The peak and average
contact stresses in the medial compartment increase in
a range of 40e700% when these functions are lost33e35.
In our study sample, grade 3 lesions were mainly repre-
sented by medial meniscal maceration, as complex tearsII
dial meniscal regions) with the difference in cartilage loss of each
-up separately. Model adjusting for age, BMI, and medial meniscal
n
l pathology at baseline
2 vs 0 (n¼ 12) Grade 3 vs 0 (n¼ 16)
artilage
)
P-value Difference in cartilage
loss (mm)
P-value
0.07 0.076 0.11
0.68 0.040 0.04**
0.37 0.019 0.43
0.03** 0.036 0.29
0.28 0.103 0.16
0.58 0.067 0.08
0.05 0.037 0.47
0.98 0.068 0.04**
0.08 0.040 0.31
0.81 0.036 0.13
0.06 0.028 0.36
0.35 0.023 0.23
Table V
The association of medial meniscal tears at anterior, body, and posterior with the difference in cartilage loss of each medial tibiofemoral compartment between baseline and 24 months follow-up
separately. Model adjusting for age, BMI, and medial meniscal extrusion
Region Anterior Body Posterior Body & posterior
Difference in
cartilage
loss 2 vs 0 & 1
(n¼ 2; mm)
P-
value
Difference in
cartilage
loss 2 vs 0 & 1
(n¼ 4; mm)
P-value Difference in
cartilage
loss 3 vs 0 & 1
(n¼ 4; mm)
P-
value
Difference in
cartilage
loss 2 vs 0 & 1
(n¼ 12; mm)
P-
value
Difference in
cartilage
loss 3 vs 0 & 1
(n¼ 15; mm)
P-
value
Difference in
cartilage
loss 2 vs 0 & 1
(n¼ 11; mm)
P-
value
Difference in
cartilage
loss 3 vs 0 & 1
(n¼ 16; mm)
P-
value
MFTC 0.024 0.81 0.357 <0.0001** 0.046 0.48 0.062 0.14 0.051 0.28 0.061 0.16 0.054 0.23
MT 0.006 0.87 0.073 0.01** 0.007 0.79 0.003 0.87 0.037 0.06 0.002 0.91 0.034 0.06
aMT 0.013 0.78 0.074 0.04** 0.039 0.29 0.011 0.62 0.004 0.86 0.009 0.69 0.007 0.77
cMF 0.030 0.68 0.284 <0.0001** 0.053 0.25 0.060 0.05 0.014 0.68 0.059 0.06 0.020 0.55
cMFTC 0.012 0.94 0.494 <0.0001** 0.076 0.47 0.044 0.51 0.071 0.35 0.043 0.53 0.069 0.34
cMT 0.008 0.92 0.109 0.06 0.015 0.79 0.032 0.34 0.060 0.12 0.036 0.29 0.054 0.14
ccMF 0.004 0.97 0.386 <0.0001** 0.091 0.21 0.076 0.09 0.011 0.83 0.080 0.09 0.014 0.77
eMT 0.131 0.06 0.153 0.002** 0.060 0.21 0.002 0.95 0.074 0.03** 0.004 0.89 0.059 0.06
ecMF 0.028 0.75 0.335 <0.0001** 0.026 0.64 0.059 0.09 0.016 0.69 0.059 0.11 0.021 0.58
iMT 0.007 0.88 0.018 0.12 0.007 0.86 0.012 0.57 0.037 0.13 0.009 0.68 0.037 0.11
icMF 0.114 0.08 0.143 0.002** 0.046 0.31 0.044 0.11 0.011 0.73 0.039 0.17 0.019 0.52
pMT 0.035 0.39 0.025 0.89 0.036 0.21 0.019 0.27 0.025 0.21 0.018 0.32 0.025 0.17
**Statistically signiﬁcant deﬁned as P< 0.05.
Table IV
The association of medial meniscal tears at anterior, body, and posterior with the difference in cartilage loss of each medial tibiofemoral compartment between baseline and 24 months follow-up
separately. Model adjusting for age and BMI (medial meniscal extrusion not included)
Region Anterior Body Posterior Body & posterior
Difference in
cartilage
loss 2 vs 0 &1
(n¼ 2; mm)
P-
value
Difference in
cartilage
loss 2 vs 0 &1
(n¼ 4; mm)
P-value Difference in
cartilage
loss 3 vs 0 &1
(n¼ 4; mm)
P-
value
Difference in
cartilage
loss 2 vs 0 &1
(n¼ 12, mm)
P-
value
Difference in
cartilage
loss 3 vs 0 &1
(n¼ 15; mm)
P-
value
Difference in
cartilage
loss 2 vs 0&1
(n¼ 11; mm)
P-
value
Difference in
cartilage
loss 3 vs 0&1
(n¼ 16; mm)
P-
value
MFTC 0.0006 0.99 0.369 <0.0001** 0.058 0.36 0.064 0.13 0.080 0.04** 0.063 0.14 0.079 0.04**
MT 0.013 0.75 0.078 0.006** 0.003 0.92 0.003 0.87 0.037 0.02** 0.002 0.91 0.036 0.02**
aMT 0.008 0.88 0.078 0.03** 0.034 0.35 0.011 0.61 0.013 0.53 0.010 0.67 0.014 0.49
cMF 0.013 0.86 0.292 <0.0001** 0.061 0.19 0.061 0.04** 0.042 0.14 0.061 0.06 0.043 0.13
cMFTC 0.028 0.86 0.520 <0.0001** 0.101 0.33 0.047 0.48 0.125 0.04** 0.048 0.49 0.119 0.05
cMT 0.004 0.96 0.119 0.04** 0.004 0.94 0.032 0.34 0.064 0.04** 0.358 0.31 0.061 0.05
ccMF 0.023 0.83 0.401 <0.0001** 0.106 0.13 0.079 0.09 0.061 0.16 0.084 0.08 0.058 0.18
eMT 0.141 0.04** 0.159 0.0009** 0.066 0.16 0.002 0.95 0.073 0.008** 0.005 0.88 0.063 0.02**
ecMF 0.045 0.61 0.342 <0.0001** 0.033 0.54 0.061 0.09 0.045 0.19 0.061 0.10 0.045 0.17
iMT 0.005 0.93 0.021 0.56 0.009 0.81 0.012 0.58 0.031 0.12 0.008 0.69 0.032 0.10
icMF 0.106 0.11 0.144 0.001** 0.047 0.29 0.044 0.11 0.020 0.43 0.040 0.16 0.026 0.32
pMT 0.033 0.42 0.028 0.34 0.034 0.24 0.019 0.27 0.021 0.18 0.017 0.33 0.022 0.16
**Statistically signiﬁcant deﬁned as P< 0.05.
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342 M. D. Crema et al.: Meniscal pathology and cartilage losswere rare. Meniscal maceration, deﬁned as partial or com-
plete loss of meniscal substance, may be represented as
well by displaced tears and partial or complete meniscal re-
section. This ﬁnding is consistent with previous studies that
have reported the important inﬂuence of meniscal resection
in predicting incident radiographic knee OA14,15,36e38.
Although the role of intrasubstance meniscal alterations
in predicting knee pain is controversial39, their role in pro-
gression of cartilage loss is completely unknown. To our
knowledge, this is the ﬁrst study to test the association of
intrasubstance meniscal signal changes with cartilage loss
in the same compartment. These changes are thought to
represent either intrameniscal degeneration or intrasub-
stance tear17,18. Intrasubstance meniscal degeneration or
tears that affect the microstructure of the meniscus could
lead to dysfunction and alter the meniscal weight-bearing
capacities. However, no signiﬁcant relationship was found
between intrasubstance meniscal signal changes and carti-
lage loss in the same compartment. Thus, our results indi-
cate that medial meniscal function may be preserved
even when these alterations are present.
To our knowledge, the role of single meniscal tears in
predicting subregional cartilage loss over time is not known,
and this is the ﬁrst study to test the longitudinal association
between single tears and regional cartilage loss, without
surgical treatment. In our study sample, most single tears
were horizontal tears, which have been described as
degenerative40,41. A signiﬁcant relationship was found be-
tween single tears and cartilage loss in the central medial
femur, when considering the whole medial meniscus, in
the model including medial meniscal extrusion. The data
therefore indicate that horizontal (degenerative) tears may
alter the function of the medial meniscus and lead to
regional cartilage loss. Degenerative meniscal tears could
be an early sign of degeneration of the medial compart-
ment, including the underlying articular cartilage. After
medial meniscal tearing and loss of its function, the under-
lying articular cartilage would be less able to withstand the
increased loading, and progression of cartilage loss would
be seen.
When each part of the medial meniscus was evaluated
separately (AH, body, and PH), we found a signiﬁcant rela-
tionship between grade 3 lesions at the PH and cartilage
loss at the medial tibia. We also found an almost signiﬁcant
relationship (P< 0.1) between grades 2 and 3 lesions and
cartilage loss in the medial tibia when the lesions were at
the PH. This is probably due to the fact that most grades
2 and 3 lesions in our study sample were found at the PH
of the medial meniscus. Cartilage loss was signiﬁcantly
higher in grade 2 lesions at the body of the medial meniscus
than in the reference group at several medial tibial and fem-
oral subregions separately (Table III). However, the lower
prevalence of grades 2 and 3 lesions at the body may limit
the meaningfulness of this ﬁnding.
There are some limitations to our study. First, our sample
consisted only of middle-aged women and our results may
not apply to men and young, healthy subjects. Second, due
to lack of power, we did not evaluate the effect of medial
meniscal lesions separately on the OA and control groups.
Third, in our MR protocol, only T2w sequences could accu-
rately assess medial meniscal alterations, and were only
available on the sagittal plane, which could lead to underes-
timation of meniscal tears, especially at the body. However,
Tarhan et al.,20 demonstrated that sagittal MRI had a sensi-
tivity and speciﬁcity of 90% and 86% respectively in detect-
ing meniscal tears, using knee arthroscopy as the reference
standard. Fourth, cartilage was not segmented at theposterior region of femoral condyles, as segmentation
was performed on coronal SPGR sequences, and possible
cartilage loss in this location could not be assessed in this
study. We could not adjust our results for knee alignment,
which is a strong risk factor for cartilage loss, as it was
not available for the whole sample included in this study.
Finally, the limited number of vertical tears and complex
tears did not allow evaluation of the impact of each type
of tear on cartilage loss. Furthermore, the limited number
of tears at the AH and body may have contributed to the
paucity of signiﬁcant results at these locations. We have
not delineated the inﬂuence of the lateral meniscus on the
lateral tibiofemoral compartment as the case sample was
selected on the basis of medial disease. The number of sig-
niﬁcant ﬁndings is unlikely to be the result of multiple
testing.
In conclusion, this is the ﬁrst study to evaluate the longitu-
dinal association between intrasubstance meniscal signal
changes and regional cartilage loss, and no signiﬁcant asso-
ciationwas found. This data indicates that theprotective func-
tion of the medial meniscus is preserved in the presence of
intrasubstance meniscal changes, mainly intrameniscal de-
generation and/or intrasubstance tears. This data also may
affect therapeutic management of these abnormalities, and
effort should be made to preserve the meniscus rather than
partially remove it. This is also the ﬁrst study to evaluate the
longitudinal relationship between single tears, which were
mainly horizontal tears, and regional cartilage loss, without
surgical intervention, and we found a signiﬁcant association
at the central medial femur. Thus, horizontal tears may alter
the weight-bearing capacities of the knee joint, leading to
damage in the articular chondral surface of the same com-
partment. Meniscal maceration is associated with increased
cartilage loss in the medial tibia, especially at the PH.Conﬂict of interest
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